This paper identifies groups vulnerable to the effect of flooding on hospital visits due to diarrhoea during and after a flood event in 1998 in Dhaka, Bangladesh. The number of observed cases of cholera and non-cholera diarrhoea per week was compared to expected normal numbers during the flood and post-flood periods, obtained as the season-specific average over the two preceding and subsequent years using Poisson generalised linear models. The expected number of diarrhoea cases was estimated in separate models for each category of potential modifying factors: sex, age, socio-economic status and hygiene and sanitation practices. During the flood, the number of cholera and non-cholera diarrhoea cases was almost six and two times higher than expected, respectively. In the post-flood period, the risk of non-cholera diarrhoea was significantly higher for those with lower educational level, living in a household with a nonconcrete roof, drinking tube-well water (vs. tap water), using a distant water source and unsanitary toilets. The risk for cholera was significantly higher for those drinking tube-well water and those using unsanitary toilets. This study confirms that low socio-economic groups and poor hygiene and sanitation groups were most vulnerable to flood-related diarrhoea.
In low-income countries, where the water supply and sanitation system and the causative agents of diarrhoea are likely to be different from those in high-income countries, post-flood increases in cholera (Sur et al. 2000) , rotavirus diarrhoea (Ahmed et al. 1991; Fun et al. 1991) , cryptosporidiosis (Katsumata et al. 1998 ) and non-specific diarrhoea (Woodruff et al. 1990; Siddique et al. 1991; Biswas et al. 1999; Mondal et al. 2001; Kondo et al. 2002; Kunii et al. 2002) have been reported. Most of these studies had methodological limitations, in particular lack of pre-flood data, lack of comparison groups and potential recall bias. A recent rigorous study in Bangladesh reported flood-related diarrhoeal epidemics which were primarily explained by cholera (Schwartz et al. 2006) . However, neither this nor the other papers provided much evidence on what factors determine vulnerability to the effects of flooding on the transmission of diarrhoeal diseases. Identification of the most vulnerable group will be a basis to develop effective public health policies which reduce adverse health effects of flooding on the population.
In 1998, one of the most severe floods in recent history was observed in Dhaka, Bangladesh following high rainfall in the country and in the upper catchment areas. It was estimated that about 56% of the city was inundated (Huq & Alam 2003) . The flood caused damage to over 30% of the 860 000 shelter units in the Dhaka Metropolitan Area and affected more than 4 million people (Huq & Alam 2003) . The objective of this study was to identify potential vulnerable groups to the effects of flooding on the number of laboratoryconfirmed cholera and other (non-cholera) diarrhoea during and after the 1998 flood in Dhaka, Bangladesh.
METHODS Data
The International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B), Dhaka hospital serves an urban population of approximately 10 million individuals and provides free treatment to more than 100000 cases of diarrhoea each year. The Centre maintains a surveillance system in which data from every 50th patient presenting to the hospital for treatment of diarrhoea is collected, including the patient's characteristics and microbiological examination of stool or rectal swab sample for identifying enteric pathogens. We abstracted individual information on age, sex, socio-economic status, hygiene and sanitation practices and pathogens identified from stool specimen during a sixyear period ( January 1996 to December 2001) including the severe flood year. The patient was classified as having cholera when Vibrio cholerae was identified from the stool specimen.
All other patients including those with culture negative stool samples, were categorised as non-cholera diarrhoea. We analysed weekly counts of cases.
Meteorological data (daily rainfall and maximum temperature) for the six-year period were provided by the Bangladesh Meteorological Department. Daily time-series of rainfall and maximum temperature were converted into weekly amounts of rainfall and weekly average maximum temperature, respectively. Daily river level data (five measurements a day) were recorded by the Bangladesh Water Development Board. We analysed the daily maximum values averaged by week. Specifically, 95% CIs for the ratios were calculated by the following formula: However, before the flood, the observed number of cholera cases was also slightly higher than the expected values.
During the flood, the number of cholera cases was almost six times higher than expected (Table 1 ). The ratio was still elevated, by approximately twofold, in the postflood period. The number of non-cholera cases was also higher than expected both in the flood period (ratio ¼ 1.8, 95% CI: 1.6, 1.9) and in the post-flood period (ratio ¼ 1.2, 95% CI: 1.1, 1.3) ( Table 2 ). However the ratio in the preflood period was also elevated for cholera (ratio ¼ 1.8, 95%
CI: 1.6, 2.0), while that for non-cholera diarrhoea was 1.0 (95% CI: 1.0, 1.1).
During the flood period, all subgroups examined had an approximately similar excess risk of both cholera and non-cholera diarrhoea (Tables 1 and 2 ), although two differences were close to statistical significance: for cholera, a higher excess risk was observed in those with tap water compared with those with tube wells, and for non-cholera diarrhoea a higher excess risk was noted in those with low education. In the post-flood period, the excess risk of noncholera diarrhoea was strongly significantly higher for those with a lower educational level (vs higher educational level) and for those living in a household with a non-concrete roof (vs concrete roof) in contrast, this was not the case for cholera. During this period, the excess risks for both cholera and non-cholera diarrhoea were also significantly higher for those drinking water from tube wells (vs. tap water) and those using unsanitary toilets. For non-cholera diarrhoea the excess risk was also higher in those using a distant water source (five metres or more from the kitchen). There was little evidence for differences in excess risk by age or sex in either the flood or post-flood period.
The ratios of the observed against the expected number of cases in each four-week interval after the end of the flood are shown in Figure 3 . The excess risk of cholera was highest in the flood period and decreased by eight weeks after the end of the flood followed by a slight increase between 12 and 16 weeks after the end of the flood.
Evidence for an increased risk of infection was observed until 20 weeks after the end of the flood. An increased risk of non-cholera diarrhoea was observed by eight weeks after the end of the flood followed by a very slight increase thereafter. Although we have not calculated the expected numbers of each specific pathogen represented in the non-cholera patients, we show the distribution of these cases by pathogen (identified from stool specimens) in the pre-flood, flood and post-flood periods (Table 3) .
Rotavirus, Escherichia coli, Campylobacter and Aeromonas were the most common pathogens. The crude rates of all pathogens except E. coli were higher in the flood period than before, although numbers of rarer types of pathogens were small.
For simplicity, we have in the above analyses adjusted only for seasonality when estimating the expected values of diarrhoea. However, the incidence of diarrhoea could have been influenced by weather factors, in particular temperature (Checkley et al. 2000) . An analysis adjusted additionally for temperature in the previous four weeks changed results very little (results not shown).
DISCUSSION
This study provides evidence for higher risk of flood-related cholera and non-cholera diarrhoea in lower hygiene and sanitation groups in the post-flood period. Evidence for higher risk of flood-related non-cholera diarrhoea in lower socio-economic groups was also shown in the post-flood period, although this was not the case for cholera.
Although observational studies can never prove causality, the closeness of the timing of the hospital visits to the timing of the flood, the failure to explain the increase in hospital visits by either normal seasonality or temperature and the sheer number of hospital visits makes causality the most likely explanation. Although for cholera (but not non-cholera diarrhoea) there was also an increase in hospital visits before the flood, suggesting the possibility of an excess for 1998 caused by factors other than flooding, this excess was far smaller than that observed during the flood, and smaller than that observed up to 20 weeks after the flood.
There are several plausible causal mechanisms for the elevated risk of infection during the flood. Floods adversely affect water sources and supply systems as well as sewerage and waste disposal systems (Parker & Thompson 2000) . The waste disposal system in Dhaka city was almost completely ineffective during the flood (Nishat et al. 2000) . A number of tube wells were covered by the floodwaters and were contaminated (Rashid 2000) . Many of the people affected by the flood became displaced and took refuge in temporary shelters (Karim et al. 1999) . Some of the shelters were extremely crowded (Karim et al. 1999) , and a deterioration in environmental conditions were observed in shelters and slums (Ahmed et al. 1999) . These observations suggest that personal hygiene and sanitation levels in the city were extremely disrupted, and that the transmission of enteric pathogens was likely to be increased during the flood. Pre-flood: weeks 1 2 29, 1998; Flood: weeks 30 2 38, 1998; Post-flood: week 39, 1998 2 week 14, 1999. A patient was classified as non-cholera diarrhoea when V. cholerae was not identified from the stool specimen. The cause of non-cholera diarrhoea was categorised as rotavirus, Shigella, Salmonella, Campylobacter, E. coli and Aeromonas when the respective pathogen was identified. When two or more pathogens other than V. cholerae were identified from the same patient, the patient was classified as each pathogen of non-cholera. The patient was classified as other pathogens when none of V. cholerae, rotavirus, Shigella, Salmonella, Campylobacter or E. coli was identified. The patient was classified as "no pathogen" when no pathogen was identified from the stool. showed that the effects of the flood on non-cholera diarrhoea were influenced by socio-economic status, while cholera was not. This finding suggests that non-cholera diarrhoea may be more dependent on personal hygiene and sanitation practices which is closely related to socio-economic status.
Higher levels of vulnerability to the health impacts of flooding have been suggested in children and the elderly (Quarantelli 2003) . In addition, during flooding, women may be more likely to be limited in their access to hygiene and sanitation facilities due to the socio-cultural norms in Bangladesh (Rashid 2000) . However, in our study, there was little evidence that any age or sex group was particularly affected in either the flood or post-flood period.
The magnitude of the increased incidence of cholera was greater than that of non-cholera diarrhoea. Cholera is primarily a waterborne disease and the occurrence of epidemics of cholera coincides with an increased prevalence of the causative V. cholerae strain in the aquatic environment (Lipp et al. 2002) . The incidental ingestion of copepods, which carry a high concentration of V. cholerae, can initiate an infection especially when communities rely on untreated environmental water sources for bathing, cooking, and drinking water (Lipp et al. 2002) . 
CONCLUSIONS
With little other epidemiological evidence for the vulnerability of individuals to flooding this study confirms higher risk of flood-related diarrhoea in the post-flood period in groups with low socio-economic status and poor hygiene and sanitation. Since they would also likely be high-risk groups for general (flood-unrelated) diarrhoea, understanding of disease risk related to floods should also underscore the need for improving these conditions.
